Two major anthocyanins, cyanidin 3-O-glucoside and 3-O-rutinoside, were isolated from the black flowers of Cosmos atrosanguineus cultivar 'Choco Mocha', together with three minor anthocyanins, cyanidin 3-O-malonylglucoside, pelargonidin 3-O-glucoside and 3-O-rutinoside. A chalcone, butein 4′-O-glucoside and three minor flavanones were isolated from the red flowers of C. atrosanguineus × C. sulphureus cultivar 'Rouge Rouge'. The anthocyanins and chalcone accumulation of cultivar 'Choco Mocha' and its hybrid cultivars 'Brown Rouge', 'Forte Rouge', 'Rouge Rouge' and 'Noel Rouge' was surveyed by quantitative HPLC. Total anthocyanins of black flower cultivars 'Choco Mocha' and 'Brown Rouge' were 3-4-folds higher than that of the red flower cultivar 'Noel Rouge'. On the other hand, total chalcone of 'Noel Rouge' was 10-77-folds higher compared with those of other cultivars, 'Brown Rouge', 'Forte Rouge' and 'Rouge Rouge'. It was shown that the flower color variations from red to black of Chocolate Cosmos and its hybrids are due to the difference in the relative amounts of anthocyanins and chalcone.
The genus Cosmos (Asteraceae) consists of 35 species and 4 varieties, and all species grow in Mexico [1] . Three species, C. bipinnatus, C. sulphureus and C. atrosanguineus, are known in the world as ornamentals. In C. bipinnatus, various flower color cultivars such as pink, red, white and yellow are present. Though the flower colors of C. sulphureus cultivars are mainly yellow to orange, those of C. atrosanguineus cultivars are deep red to black. C. atrosanguineus (Hook.) Voss is known as "Chocolate Cosmos", because its petals are black and has a distinct fragrance like sweet chocolate. The species is extinct in the wild, and its cultivars were bred from only one clone in Kew Gardens [2] . Though a few cultivars of Chocolate Cosmos are present, almost all were generated by interspecific hybridization with C. sulphureus using an ovary culture method [3] .
The flavonoids of Cosmos species have been reported from the petals. Two anthocyanins, cyanidin 3-O-glucoside and 3-Orutinoside, and three flavones, apigenin 7-O-glucuronide, chrysoeriol 7-O-glucuronide and luteolin 7-O-glucuronide, were reported from C. bipinnatus [4] . The former two anthocyanins and the chalcone, butein 4′-O-glucoside, and aurone, sulfuretin 6-Oglucoside, were reported from C. sulphureus [4a, 5] . However, those of C. atrosanguineus were not reported until now. In this paper, we report the flower pigments of Chocolate Cosmos cultivar 'Choco Mocha' (black flower), and four C. atrosanguineus × C. sulphureus cultivars, 'Brown Rouge' (black flower), 'Forte Rouge', 'Rouge Rouge' and 'Noel Rouge' (red flowers) ( Figure 1 In this study, five anthocyanins, three flavanones and one chalcone were found in the flowers of Chocolate Cosmos and its hybrid cultivars. Of these flavonoids, 1 and 2 have already been reported from C. bipinnatus and C. sulphureus [4a] , and 7 was found in C. sulphureus [5b] . Anthocyanins 3 and 4 and flavanones 5 and 6 were reported from Cosmos species for the first time. However, 3 and 4 were contained as minor pigments in 'Choco Mocha'. On the other hand, the 5, 6 and 7 were contained in hybrid cultivar 'Rouge Rouge'. (1) 2016 Amamiya & Iwashina (black flowers) were 3-4-folds higher in comparison with that of 'Noel Rouge' (red flower). On the other hand, total chalcone of 'Noel Rouge' was 10-77-folds higher compared with those of 'Brown Rouge', 'Forte Rouge' and 'Rouge Rouge'. In addition, chalcone was contained in four hybrid cultivars, but not in 'Choco Mocha'.These results show that the occurrence of the black flowers is due to high accumulation of anthocyanins. Such phenomena are known in some black flowers, e.g. Tulipa gesneriana, Viola tricolor, Dahlia variabilis, Alcea rosea and Lisianthius nigrescens [6a-6e] . Chalcone was found in four hybrid cultivars, showing that the chalcone was derived from C. sulphureus. Thus, it was shown that flower color variations of Chocolate Cosmos and its hybrid cultivars are due to the relative amounts of the anthocyanins and chalcone. 
Extraction and isolation:
Fresh petals of 'Choco Mocha' (5 g) and 'Rouge Rouge' (10 g) were extracted with HCOOH/MeOH (8:92) at room temperature. After concentration, the extracts were applied to an Amberlite XAD 7HP column. After washing with 5% HCOOH for removal of polysaccharides, the pigments were eluted with 5% HCOOH-MeOH. The flavonoids including anthocyanins were fractionated by PC using BAW and 15% HOAc. The isolated flavonoids were further purified by Sephadex LH-20 CC using HOAc/MeOH/H 2 O (5:70:25) and preparative HPLC. Anthocyanins 1, 2, 3 and 4 were isolated from 'Choco Mocha'. Flavonoids 5, 6 and 7 were isolated from 'Rouge Rouge'. Identification: Flavonoids were identified by UV spectroscopy, LC-MS, characterization of acid hydrolysates (aglycones and sugars), and TLC and HPLC comparisons with authentic samples.
